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WKHPDVVRIZDVWHIURPWKHVXUURXQGLQJHQYLURQPHQW7KHVWDELOLW\RIDJHRV\QWKHWLFODQGILOOOLQLQJPDLQO\GHSHQGV
RQ WKH VKHDU VWUHQJWK DYDLODEOH DORQJ LQWHUIDFHV EHWZHHQ JHRV\QWKHWLF DQG VRLO DQG EHWZHHQ JHRV\QWKHWLF DQG
JHRV\QWKHWLF,WLVFOHDUWKDWDQHUURQHRXVDVVHVVPHQWRIWKHLQWHUIDFHVKHDUVWUHQJWKFDQKDYHVHYHUHFRQVHTXHQFHVDV
RFFXUUHGLQ0DUFKDW.HWWOHPDQ+LOOV86$$VUHVXOWRIIROORZLQJVWXGLHVDQGWHVWVLWZDVSRLQWHGRXWKRZ
WKHLQWHUIDFHVWUHQJWKEHWZHHQJHRV\QWKHWLFVPD\EHYHU\ORZZLWKIULFWLRQDQJOHVWKDWPD\UHDFKYDOXHVDVORZDV
>@'HVSLWHWKHHODSVHRIVHYHUDO\HDUV LQZKLFKWKHUHVHDUFKKDVPDGHFRQVLGHUDEOHSURJUHVVLQXQGHUVWDQGLQJ
WKHEHKDYLRXURIWKHVHPDWHULDOVODQGILOOIDLOXUHHYHQWVVWLOORFFXUGXHWRWKHZURQJGHVLJQRIOLQLQJV\VWHPVOLNHLQ
WKHFDVHRIWKHLQVWDELOLW\RIWKH&KULQ%URWKHUV,QF/DQGILOOLQ:LOOLDPV7RZQVKLS86$RFFXUUHGLQ0DUFK
ZKHUHDSSUR[LPDWHO\PRI WKH ODQGILOO VORSHPRYHGRZQZDUG LQYROYLQJD VOLGLQJPDVVRIZDVWHRIDERXW
P>@7KHUHIRUHWKHFRUUHFWHYDOXDWLRQRIWKHDYDLODEOHLQWHUIDFHVKHDUVWUHQJWKLV\HWDWRSLFRILQWHUHVW,Q
WKH IROORZLQJ DIWHU D VKRUW RXWOLQH RI WKHPHWKRGV IRU WKH HYDOXDWLRQ RI LQWHUIDFH VKHDU VWUHQJWK D GLVFXVVLRQ RI
W\SLFDOLQFOLQHGSODQHWHVWUHVXOWVLVSUHVHQWHG
7KHPHDVXUHPHQWRIJHRV\QWKHWLFLQWHUIDFHVKHDUVWUHQJWK
7KHPHDVXUHPHQWRIJHRV\QWKHWLFLQWHUIDFHVKHDUVWUHQJWKPD\EHFDUULHGRXWLQODERUDWRU\LQVWDWLFFRQGLWLRQVE\
PHDQVRIWKHGLUHFWVKHDUWHVW WKHDQQXODUF\OLQGULFDOVKHDUWHVWDQGWKHLQFOLQHGSODQHWHVW7KHGLUHFWVKHDUWHVW LV
ZLGHO\XVHGIRUWHVWLQJJHRV\QWKHWLFLQWHUIDFHVWKHXVHRIODUJHGLPHQVLRQVSHFLPHQVLVUHTXLUHGZLWKVKHDUER[HV
DWOHDVWFPîFPZLGH>@2QHOLPLWRIWKLVGHYLFHLVWKHGLIILFXOWWRVWXG\WKHVKHDUVWUHQJWKUHGXFWLRQDWODUJH
GLVSODFHPHQW LQGHHGWKHPD[LPXPDOORZDEOHGLVSODFHPHQWDERXWPPPD\QRWEHVXIILFLHQW)RULQFUHDVLQJ
WKH UHODWLYHGLVSODFHPHQWPDQ\ WHVWV RU VHYHUDO F\FOHV RI UHYHUVHGGLVSODFHPHQWPD\EHSHUIRUPHGRQ WKH VDPH
VSHFLPHQ7R VWXG\ WKH UHVLGXDO VKHDU VWUHQJWK WKH DQQXODU VKHDU GHYLFH LVPRUH VXLWDEOH >@EHFDXVH LW HQDEOHV
XQOLPLWHGUHODWLYHGLVSODFHPHQWVWKLVHTXLSPHQWLVVLPLODUWRWKH%URPKHDGDSSDUDWXVEXWPRGLILHGWRDOORZWHVWLQJ
ODUJHGLPHQVLRQVVSHFLPHQV(YHQWKRXJKWKLVGHYLFHDOORZVDFRQWLQXRXVDQGXQOLPLWHGGLVSODFHPHQWRQWKHVDPH
FRQWDFWDUHDWKHVOLGLQJGLUHFWLRQFKDQJHVFRQWLQXRXVO\ZLWKUHVSHFWWRWKHGLUHFWLRQRIWKHJHRV\QWKHWLFIDEULFDQG
DOVRWKHGLVSODFHPHQWLVQRQXQLIRUPDFURVVWKHVKHDUVXUIDFH7RRYHUFRPHVRPHOLPLWVRIWKHDQQXODUVKHDUGHYLFH
0RVV DQG $QGHUVRQ >@ GHYHORSHG WKH F\OLQGULFDO VKHDU DSSDUDWXV ,Q WKLV GHYLFH WKH ILUVW VSHFLPHQ LV ZUDSSHG
DURXQG DQ LQQHU F\OLQGHU ZKLOH WKH VHFRQG VSHFLPHQ LV DQFKRUHG WR WKH QRQURWDWLQJ EDVH DQG WRS 7KH WHVW LV
SHUIRUPHGE\URWDWLQJWKHLQQHUF\OLQGHUZKLOHWKHRXWHUJHRV\QWKHWLFLVIL[HG
)LQDOO\WKHVKHDUVWUHQJWKPD\EHPHDVXUHGE\PHDQVRIWKHLQFOLQHGSODQHWHVW>@7KLVGHYLFHLVFRPSRVHG
E\DQLQFOLQDEOHWDEOHDERYHZKLFKDEORFNLVSODFHGIUHHWRVOLGHRQHJHRV\QWKHWLFLVIL[HGWRWKHWDEOHWLOWLQJDW
FRQVWDQWUDWHRIURWDWLRQZKLOHWKHVHFRQGLVERXQGWRWKHVOLGLQJEORFN7KLVNLQGRIWHVWJHQHUDOO\XVHGLQ(XURSH
DQG VXEMHFWHG WR D VSHFLILF VWDQGDUGL]DWLRQ >@ PD\ EH PRUH DFFXUDWH LQ GHWHUPLQLQJ WKH VKHDU VWUHQJWK RI
JHRV\QWKHWLFLQWHUIDFHVDWQRUPDOVWUHVVORZHUWKDQN3D>@WKHGLUHFWVKHDUWHVWLVZLGHO\XVHGWRHVWLPDWHWKH
LQWHUIDFHVKHDUVWUHQJWKDWKLJKSUHVVXUHFRQGLWLRQVOLNHLQWKHFDVHVRIERWWRPDQGODWHUDOEDUULHUVEXWIRUWKHOLPLWV
RI WKH GHYLFH LW LV GLIILFXOW WR WHVW YHU\ ORZ SUHVVXUH FRQGLWLRQV VXFK DV LQ ODQGILOO FRYHU DQG IRU WKLV W\SH RI
SUREOHPVWKHLQFOLQHGSODQHWHVWLVPRUHVXLWDEOH
7KHLQFOLQHGSODQHWHVWSURFHGXUH
7KH H[SHULPHQWDWLRQ RQ WKH LQWHUIDFH IULFWLRQ FDUULHG RXW DW WKH JHRWHFKQLFDO ODERUDWRU\ RI WKH 8QLYHUVLW\ RI
3DGXDZDVFRQGXFWHGE\PHDQVRIDQLQFOLQHGSODQHGHYLFH>@7KHLQFOLQHGSODQHKDVOHQJWKRIPDQGZLGWK
RI PZKLOH WKHEORFNKDV OHQJWKRI PDQGZLGWKRI P7KH LQFOLQDWLRQRI WKHSODQH FDQEHYDULHG
EHWZHHQ  DQG DERXW  7KH EORFN LV FRQVWUDLQHG WR VOLGH VWUDLJKW E\ ODWHUDO JXLGHV ZLWKRXW WKLV OHDGLQJ D
VLJQLILFDQWDGGLWLRQDOIULFWLRQ)LJ,QWKHIROORZLQJIRUHDFKLQWHUIDFHWKHILUVWOLVWHGJHRV\QWKHWLFLVIL[HGWRWKH
WDEOHZKLOHWKHVHFRQGRQHLVOLQNHGWRWKHEORFN7KHDGRSWHGWHVWSURFHGXUHDOORZHGWKHPHDVXUHPHQWRIWKHIULFWLRQ
DQJOHDFFRUGLQJWRWKUHHGLIIHUHQWPRGHVDVGHVFULEHGEHORZ7KHWHVWEHJLQVZLWKDQLQLWLDOKRUL]RQWDOFRQILJXUDWLRQ
RIWKHWDEOHWKHWDEOHLQFOLQDWLRQLVLQFUHDVHGDWDFRQVWDQWVSHHGRIPLQDQGWKHDQJOHRILQFOLQDWLRQȕIRU
ZKLFKWKHEORFNVWDUWVWRVOLGHLVFKHFNHG)URPVWDWLFHTXLOLEULXPĳ ȕEHLQJĳWKH³ILUVWPRYHPHQW´DQJOHRI
IULFWLRQ
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  
)LJ7KHLQFOLQHGSODQHGHYLFHRIWKH,&($GHSDUWPHQWDSLFWXUHEGLDJUDP
,W VKRXOG EH QRWHG WKDW LQWHUIDFHV FDQ H[KLELW YHU\ GLIIHUHQW EHKDYLRXUV )RU VRPH LQWHUIDFHV ȕ FDQ EH HDVLO\
LGHQWLILHGEHFDXVHH[FHHGLQJ WKLVDQJOHDQDFFHOHUDWHGPRWLRQRFFXUV ³VXGGHQVOLGLQJ´ ,QRWKHU LQWHUIDFHVĳ LV
PRUHGLIILFXOWWRFKHFNEHFDXVHWKHPRWLRQPD\LQLWLDWHYHU\VORZ³JUDGXDOVOLGLQJ´,QVRPHFDVHVD³VWLFNVOLS´
PRGHRIVOLGLQJRFFXUVZKLWGLVSODFHPHQWVQRWQHFHVVDULO\PHDQLQJIXORIDQLQFLSLHQWIDLOXUH>@,QWKLVUHVHDUFK
WRRYHUFRPHWKHGLIILFXOWLHVLQWKHHYDOXDWLRQRIĳDQJOHWKHUXOHRIUHIHUULQJWKHLQWHUIDFHVWUHQJWKĳWRDUHODWLYH
GLVSODFHPHQW RI PP ZDV DGRSWHG ,W LV LPSRUWDQW WR QRWH WKDW WKH VWDQGDUG (1 ,62   GRHV QRW
FRQVLGHUWKHSDUDPHWHUȕUHSUHVHQWDWLYHDQGVXJJHVWVWRFRQWLQXHWKHWHVWDWDFRQVWDQWVSHHGRIDERXWPLQDVIDU
DVWKHEORFNGRHVQRWUHDFKPPRIGLVSODFHPHQW7KHLQFOLQDWLRQRIWKHWDEOHDWWKLVVWDJHȕLVDVVXPHGWREH
HTXDO WR WKH VR FDOOHG ³VWDQGDUG´ IULFWLRQ DQJOH ĳVWDQG   ȕ $ERXW WKLV PHDVXUH LW VKRXOG EH REVHUYHG WKDW WKH
GLVSODFHPHQWRIPPLVDQDUELWUDU\UHIHUHQFHDQGWKDWWKHVDPHGHILQLWLRQRIĳVWDQGVXSSRVHVDVWDWLFHTXLOLEULXP
ZKLOHWKHEORFNLVPRUHSURSHUO\LQDNLQHPDWLFFRQGLWLRQZLWKYHORFLW\DQGDFFHOHUDWLRQQRWDOZD\VQHJOLJLEOH)RU
WKLVUHDVRQWKHGHILQLWLRQRIVWDQGDUGIULFWLRQDQJOHLVVWLOOPDWWHURIVFLHQWLILFGHEDWH>@
$W WKH HQG RI WKH WHVW DQRWKHU VWUHQJWK SDUDPHWHU LV HYDOXDWHG E\ XVLQJ WKH ³IRUFH SURFHGXUH´ >@ DIWHU WKH
VOLGLQJWKHEORFNLVUHWDLQHGE\DFDEOHSDUDOOHOWRWKHSODQHOLQNHGWRDORDGFHOOIL[HGWRWKHSODQHIUDPHZRUNDEOH
RIPHDVXULQJ WKHUHWDLQLQJIRUFH))URPWKHEDODQFHRI IRUFHV LQ VWDWLFFRQGLWLRQDQHZSDUDPHWHUKHUHFDOOHG
OLPLWIULFWLRQDQJOHĳOLPFDQEHGHILQHGDFFRUGLQJWRWKHIROORZLQJH[SUHVVLRQ
ݐܽ݊߮௟௜௠ ൌ ݐܽ݊ߚ െ ிሺఉሻௐ௖௢௦ఉ  
LQZKLFK:LVWKHZHLJKWRIWKHEORFN(YHQLIWKHSODQHLQFOLQDWLRQJRHVRQWKHIRUFHFKDQJHVLQVXFKDPDQQHUWKDW
ĳOLPUHPDLQVDOPRVWFRQVWDQW$OOWKHH[SHULPHQWVZHUHFDUULHGRXWDWDYHUWLFDOVWUHVVRIN3DDQGDWDWHPSHUDWXUHLQ
WKHUDQJHRI&)RUDOOWKHVWXGLHGLQWHUIDFHVDOPRVWWKUHHGLIIHUHQWVSHFLPHQVZHUHWHVWHGWRRXWOLQHDUDQJH
RIYDULDELOLW\RIWKHSDUDPHWHUV$ILUVWPHDVXUHPHQWSURYLGHGĳDQGĳVWDQGRIYLUJLQVSHFLPHQV$IWHUDGLVSODFHPHQW
RIDERXWPLWZDVPHDVXUHGDOVRĳOLPIRUWKHILUVWWLPHPHDQLQJIXORIDYLUJLQVSHFLPHQEHKDYLRXU
,QRUGHUWRLQYHVWLJDWHWKHVXUIDFHGDPDJHGXHWRWKHPXWXDOVOLGLQJWKHWHVWZDVUHSHDWHGDOPRVWWLPHVRQHDFK
VSHFLPHQE\DOORZLQJWKHEORFNWRVOLGHDJDLQIURPWKHVWDUWLQJSRVLWLRQVRREWDLQLQJIULFWLRQSDUDPHWHUVUHODWHGWR
WKHDPRXQWRIWKHUHODWLYHGLVSODFHPHQW
'LVFXVVLRQRIW\SLFDOUHVXOWV
,Q RUGHU WR KLJKOLJKW WKH PDLQ GLIIHUHQFHV EHWZHHQ WKH YDULRXV PHDVXUHPHQW PHWKRGV LQ WKH IROORZLQJ D
FRPSDULVRQRILQFOLQHGSODQH WHVWUHVXOWV IRUYDULRXVLQWHUIDFHV LVSUHVHQWHG)RUH[DPSOH)LJXUHVDQGVKRZQ
WKH GLIIHUHQW EHKDYLRXUV RI WKUHH+'3( JHRPHPEUDQHV *0% LQ FRQWDFW ZLWK D GUDLQDJH JHRFRPSRVLWH *&'
IRUPHG E\ D GUDLQLQJ ERG\ HQFORVHG EHWZHHQ WZR QRQZRYHQ JHRWH[WLOHV $OO WKHVH WHVWV ZHUH FDUULHG RXW LQ GU\
FRQGLWLRQV)LJXUHDUHIHUVWRDVPRRWKJHRPHPEUDQHLQWKLVFDVHWKHLQWHUIDFHEHKDYLRXULVRI³JUDGXDO´W\SHZLWK
LQFOLQHGSODQH
XSSHUER[
KRUL]RQWDOVKDNLQJWDEOH
ROHRG\QDPLFDFWXDWRU
D E
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DYHU\VORZVOLGLQJPRWLRQ>@7KHUHIRUHWKHUHLVDVLJQLILFDQWWLPHODSVHEHWZHHQWKHLQVWDQWFRUUHVSRQGLQJWR
PP GLVSODFHPHQW DQG WKDW IRU ZKLFK WKH EORFN UHDFKHV  PP RI GLVSODFHPHQW &RQVHTXHQWO\ DOVR WKH WDEOH
LQFOLQDWLRQȕLVGLIIHUHQWIURPȕRULQRWKHUWHUPVWKHVKHDUVWUHQJWKDQJOHĳLVVLJQLILFDQWO\ORZHUWKDQĳVWDQG
$GLIIHUHQWEHKDYLRXULVVKRZHGE\DWH[WXUHGJHRPHPEUDQHKDYLQJDVXUIDFHFKDUDFWHUL]HGE\DUHJXODUSDWWHUQ
RIHPERVVHGSURWUXVLRQV)LJE LQWKLVFDVH WKHVOLGLQJLVRI³VXGGHQ´W\SH WKDW LVZLWKDPDUNHGDFFHOHUDWLRQ
&RQVHTXHQWO\ WKH WLPH ODSVH EHWZHHQ WKH GLVSODFHPHQWV RI PPDQG RI PP LV YHU\ VKRUW VR WKDW WKH VKHDU
VWUHQJWKDQJOHVĳDQGĳVWDQGDUHYHU\VLPLODU

 
)LJ3ODQHLQFOLQDWLRQDQGEORFNGLVSODFHPHQWYHUVXVWLPHIRUD*0%VPRRWK±*&'LQWHUIDFHE*0%WH[WXUHG±*&'LQWHUIDFH


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WKDQWKHSUHYLRXVFDVH,WLVLPSRUWDQWWRREVHUYHWKDWWKHYDOXHVRIĳDQGĳVWDQGGHFUHDVHTXLFNO\ZLWKWKHLQFUHDVHRI
ZHDUSDVVLQJIURPDYHUDJHYDOXHVRIDERXWIRUWKHYLUJLQFRQGLWLRQWRDYHUDJHYDOXHVRIDERXWDIWHURQO\
P RI GLVSODFHPHQW 7KHUHIRUH WKH GDPDJH LV FRQVLGHUDEOH IRU WKLV LQWHUIDFH0RUHRYHU WKHUH LV D VLJQLILFDQW
GLIIHUHQFH EHWZHHQ WKH YDOXHV RI ĳ DQG ĳOLP RI DERXW  7KH )LJXUH  VKRZV WKH UHVXOWV IRU WKH WKLUG LQWHUIDFH
*0%URXJK*&' LQ WKLV FDVH WKH GLVSHUVLRQ RI GDWD LV YHU\ QRWLFHDEOH GXH WR WKH UDQGRP LQWHUDFWLRQ ZLWK
LQWHUORFNLQJHIIHFWVEHWZHHQWKHILEHUVRIWKHJHRWH[WLOHDQGWKHDVSHULWLHVRIWKHJHRPHPEUDQH)RUWKLVLQWHUIDFHWKH
PHDQYDOXHVRIĳDQGĳOLPDUHFRPSDUDEOHZKLOHWKHYDOXHVRIĳVWDQGDUHWKHJUHDWHVW


)LJ6KHDUVWUHQJWKDQJOHVYHUVXVGLVSODFHPHQWIRUD*0%VPRRWK±*&'LQWHUIDFHE*0%WH[WXUHG±*&'LQWHUIDFH


)LJ6KHDUVWUHQJWKDQJOHVYHUVXVGLVSODFHPHQWIRU*0%URXJK±*&'LQWHUIDFH


)LJ&RPSDULVRQRIVKHDUVWUHQJWKDQJOHVIRUD*&'*&/LQWHUIDFHLQGU\DQGZHWFRQGLWLRQVDĳYDOXHVEĳVWDQGDQGĳOLPYDOXHV
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$QRWKHUSDUDPHWHUWKDWPD\VLJQLILFDQWO\FKDQJHWKHLQWHUIDFHVKHDUVWUHQJWKLVWKHSUHVHQFHRUQRWRIZDWHU)RU
H[DPSOH)LJXUHVKRZVDFRPSDULVRQEHWZHHQWHVWUHVXOWVIRUDQLQWHUIDFHEHWZHHQD*&'DQGD*&/LQGU\DQG
ZHWFRQGLWLRQVLQWKHODWWHUFDVHWKHVSHFLPHQVZHUHLPPHUVHGIRUKRXUVLQZDWHUDQGDIWHUGULSSLQJWHVWHG)LJ
D VKRZV WKH HYROXWLRQ RI WKH LQWHUIDFH IULFWLRQ DQJOH ĳ YHUVXV FXPXODWHG GLVSODFHPHQW ZKLOH WKH DQDORJRXV
UHSUHVHQWDWLRQVIRUĳVWDQGDQGIRUĳOLPDUHVKRZQLQ)LJXUHE$OOWKHIULFWLRQSDUDPHWHUVVKRZDVLJQLILFDQWUHGXFWLRQ
IURPGU\WRZHWFRQGLWLRQVRIDERXW IRUĳDQGIRUĳOLPXSWRIRUĳVWDQG7KHGDWDGLVSHUVLRQLVPRUH
SURQRXQFHGIRUĳLQGU\FRQGLWLRQDERXWDQGPLQLPXPIRUĳOLPLQERWKGU\DQGZHWFRQGLWLRQVDERXW$OO
WKHWKUHHSDUDPHWHURIIULFWLRQVKRZDORZGHSHQGHQFHIURPFXPXODWHGGLVSODFHPHQWVVRLQGLFDWLQJDORZVHQVLWLYLW\
RIWKHLQWHUIDFHWRGDPDJLQJ
&RQFOXVLRQV
7KHUHVXOWVKLJKOLJKWHGKRZGLIIHUHQWWKHEHKDYLRXURIDQLQWHUIDFHPD\EHFKDQJLQJWKHVXUIDFHILQLVKLQJRIWKH
PDWHULDOVLQWKHFDVHSUHVHQWHGWKUHHGLIIHUHQWJHRPHEUDQHVDOOPDGHLQ+3'(ZLWKGLIIHUHQWURXJKQHVVSODFHGLQ
FRQWDFWZLWKDVDPH*&'VKRZHGWKUHHGLIIHUHQWIDLOLQJDQGVOLGLQJPRGHV
$V SUHYLRXVO\ VKRZQ WKH VWDQGDUG PHWKRG SURYLGHV OLWWOH FRQVHUYDWLYH UHVXOWV LQ WKH FDVH RI JUDGXDO VOLGLQJ
LQWHUIDFHLQIDFWLWVXVHIXOQHVVZRXOGEHOLPLWHGWRWKHFDVHRIFRPSOH[EHKDYLRXUOLNHVWLFNVOLSRUVLPLODU
&RQYHUVHO\WKHOLPLWIULFWLRQDQJOHLVUDWKHUVWDEOHSUDFWLFDOO\LWGRHVQRWGHSHQGRQWKHFXPXODWHGGLVSODFHPHQWV
DQGVKRZVWKHORZHUGLVSHUVLRQRIGDWDUHVSHFWWRWKHPHDQYDOXH2WKHUZLVH WKHGLIIHUHQFHEHWZHHQVWDQGDUGDQG
OLPLWDQJOHRIIULFWLRQPD\EHVLJQLILFDQWXSWRDERXWLQUHODWLRQWRWKHDQDO\]HGLQWHUIDFH7KHUHIRUHIRUGHVLJQ
SXUSRVHWKHOLPLWDQJOHPD\EHFRQVLGHUHGDVDUHOLDEOHORZHUERXQGYDOXHZLWKLQWKHUDQJHRIPHDVXUHGLQWHUIDFH
IULFWLRQDQJOHV
)LQDOO\WKHSUHVHQFHRIZDWHUDWWKHLQWHUIDFHLVDEOHWRUHGXFHWKHPRELOL]HGLQWHUIDFHIULFWLRQ)RUH[DPSOHIRU
WKHLQWHUIDFH*&'*&/WKHUHGXFWLRQRIIULFWLRQIURPGU\WRZHWFRQGLWLRQVLVRIDERXWIRUĳDQGĳOLPDQG
RIDERXW IRUĳVWDQG7KLV VKRXOGEH WDNHQ LQWRDFFRXQW LQ WKHSKDVHVRI ODERUDWRU\ LQYHVWLJDWLRQDQGSUDWLFDO
GHVLJQ
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